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The current interrupting capacity of air blast and
SF6 breakers is reviewed for application in tokamak
ohmic-heating circuits. Particular attention is paid

to generator breakers for their large current inter-
rupting capacity and editability for ohmieheating
circuits.

Introduction

Switching operation for large tokamaks include
plasma initiation in the ahmic-heating system, ohmic-
haating current reversal, ohmic-heating coil crowbar,
vertical field coil cr~bar, and protection of the
poloidal and toroidal field coils. A set of typical
paramters for ew~tching functions is given in Table I.

For reliability, thyri.etors, are probably the best
state-of-the-art devices avail~le. To interrupt large
currents and to withstand high voltages requires using
many SCR’S in series-parallel arrays. Air blast, oil,
and SF6, and vacuum interrupters to interrupt large
currents cost wnall fraction of the equivalent solid
etate breakers; hcuever, their reliability is less or
inadequately proven for particular dc operations. The
caving to be made justifies considerable development
and testing effort. Further, some maintenance cost
might he acceptable to avoid the expensive solid state
ewitches.
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An advantaqc of air blast, SF6, and oil irmwrsr!d
brnakern is the low cost per amp~rc of interrupting
current. This is partially offset by hiqhcr mmintonancc
and short life as compared with solid stntc ~witchc~.

The airhla!~t. breaker rlr!s~:rih!.din TCOJIU II 1],1s
been testedh at tho KEMA test facility. The brndkrr
wa9 cons id[?rnrifor tllcwllmlc-h~.ltinq circuit.!;of tilt.
Joint Europran Torus (,IFx),andlk>uhlct 111. Prr(:ist.
openinq timus and cJrrfully m,dc mccll,ll]l(!nllink,lqen
will minimize cent.nrl I!rosion. Dry nir at 11[1bar is
rcquirr,l to oln. rntrtho bri?akr,r.

auspices of USKIE.

TABLE II

AIRBLMT BREAKER TESTED FOR OHMIC-HEATING DUTY

ZYE2

Recove2y voltage kv 17 > 24

Continuou9 current rating kA
1 to 3 s current rating kA >100 >100
Closing current kA 270 380
Interrupting current M ao 125

(synrnetrical) (73 teet)

All ac voltages and ac currents are given ae rfne valuee.

The crest valuee of interrupting currente are approxi-
mately 1.8~ time9 the synrnetrical rum current value.

The table shows typical interr~ptinq currents. The
recurring voltaqes are higher for some cases not shown
in the table for somewhat reduced interrupting currents.

Cold arc phenomena dominate in mechanical breakera
at arc voltages <1O**.3O V and currents <1..-5 A be-
cause these small valuee are efficient for arc heating.
The resulting cold arc erosion is often referred to as
“bridge point erosion.” It causes some metal transfer
between the parting electrodes because of local mtal
melting. Quantitatively, bridge point erosion depends
on the electrode materiale and is independent of the

medium. Oil, air, SF6, and vacuum breakers show, there-
fore, similar anmu ts of erosion for a given current
under cold arcing conditions.

If the cold arcing limits are exceeded, then
ph~nomena similar to cold arcing will still prevail in

VCICUUM hrcakcrs whereas hot arcs will have to be inter-
rupted in the other types of mechanical breakers.5 A
hot arc is onc in which ions and neutrals arc heated
by the electrons to nearly the electron temperature,
i.e., 0.1 to a few cV. Hot arc erosion is an order cf
magnitude greater than that caused by quasi cold arcing
in vacuum breakers interrupting the same current with
sufficiently larqc electredcs. The amount of erosion
pcr unit current d{.[;rcascswith increasing contact area
nwru YLrufiylv illvacuum brrakers than in qas or oil
brcakrrs. Crmtact areas and electrode masses are,
theroforc, larycr for vacuum breakers than for the otkr

typf!s of mechanical brcakor~ for the same interrupting
current rating.

One mlqht drmw the premature conclusion that vammn
brcfikcrs aro const.ructcd with comparatively large elec-
trmlcs and ,?xl~ibitsmall contact erosion as compared to
al rbl,ast brcnkors in inkrrruptinq significant currents.
Thr former ,Ieduction is trur whereas the latter ie not
e mraninqful onc because nirblcwt and sF6 breakers can
ho dt?siqnwl for much hiqho,. rclatlve contnct speed.
This s]w?cd allnwe synchronous oprxation in which tho
contactn start to part. very clost~ly to a zero-current
occur rvncv. In the dc applicakinn tlw contacts start
to depart at MI(. in9tanl. the naturablc rcac-tor transitn
outi of thu snturat.ion domain .tnd thus holds the current
at nrmrly zero lnvnl a+.which the {,ontact rroslon 1s
very mall. A vacuum bru:,krr {n usual operation, on
the oU~er 11.nnd,would roqulrr contact separation to be-
gin rarlior when th,? mrront has still n(?arly maximum
amp] ituffl?.
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For practical dc applications, contact erosion in

syr.chronoue breakere of the airblaet or SF6 types is

p’:Obably roughly the same as in vacuum breakers, thus
implying a contact life of perhaps 10h curre~t inter-
,ruptions.6 In the caee of vacuum breakers thiq ie
s:~~ue with the life expectancy of the breaker unit,

whereae, in gas breakers, the contacts can be replaced
easily. An additional important advantage of gas
breekere ie seen in the fact that the largeet inter-
rupting CUrrent rdtingS of alrblaat and 5F6 breakers
are significantly higher than those of vacuum breakers.
The art of o~rating vacuum breakere in parallel haa
just recently evolvsd. The minimum arcing time of the
NW sirblast breakers is 90- **500 IJS.

-act designs of SF6 breakers for high voltage
are available. The operating pressure of these breakers
ie in the rar.ge cf 4 to 6 bar de cmqared to 50 to 100
bar for sirbhat breakers. The cost of an SF6 breaker
is less then that for a c~arsble airblast breaker.
The interrupting current of exi.eting SFS breakers iz
llmited to values of approximately EC to 100 kA (ac

emtrical).

Generator Breakere

The rmst economical methcd of frequently inter-
rupting high currents appears to be found in the utili-
zation of generator breekere. These are airblaet
breakers epecially designed to be integrated with the
three phaee “+ 36-kV output buea.e of large gtation gen-
erators. M edvantage is the relatively large arc drop
resulting from airblaat caaling. The 60-Hz ehort cir-
cuit current may not have any zero-croesinge if the
circuit$e L/R ratio is large. This ratio is signifi-
cantly reduced by the alrblsst circuit breaker’s arc
drop with the kaeficial result that current-zeros
will occur after no more than 10 to 20 cycies.

In the case of current interruption for taksma.k
ohrrdc heating, we found that the energy fed into the
arc is 3 to 10 J per switch opening. This would cause

‘euch emall contact erosion that sane contacte are esti-
❑ated to be able to last for 10” operatio!.s.

Generator Breaker Interaction
With Its CounterPulse Circuit

The reflexive effects of the arc resistance on the
breaker voltage and current were etudied by modeling
the munterpulse circuit with a circuit crde for the
airblaet breaker teetei at KE34A. The principal parsm-

eterE of the model circuit were those reported by
Dokopouloa and Kriechbaum. ”

The breaker currents are shown for both cases in
Fig. 1. Curve 1 is for con9tant arc re9i9tancc of

10 ‘0, and curve 2 is for the changing arc resistance
reported by Thuries (1973). It can bo seen that the
time during which the breaker current is held near zero
by the counterpulse circuit La lenq~hened by approxi-
mately 209 as a result of I_he arc reals tanco. The

breaker current during the time interval 0.14< t <0.33
or 0.35 me v&-ieE between tho limits -5< I ~100f1 A for
case 1 and 9< T <1000 A for case 2. The fact that the
current in caee 2 ie nevar brought to exactly zuro ie
not eignific.snt because a small increase in initial
voltage on the counterpulse bank will cfi’me twe zcru-
crussings of the breaker current. The current rise

●hewn in Fig. 1 fOr timns t JO.35 ma will obviously not

occur if the arc ia cleared as expected.

These emsll numbers are responsible for the modest con-
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erosion observed.
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Fig. 1. Switch current versus time.
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Another significant point to be mado concerns the

ohmic energy qoing into the arc which Lntegratca to
3.4J at t- 0.2 me and \O-9 .7at. t- 0.34 mg. This
corramponde to an avcraqe Powet dleelpation of 54 kW.


